industrial chemical threatening public health worldwide. It is widely used as a tissue preservative and disinfectant in anatomy and pathology laboratories [5] , as an antimicrobial agent in cosmetics [6] , as a fumigant in agriculture [7] , and surprisingly, in the production of crease-resistant garments and textiles [8] . Although most of the exposures to formaldehyde (FA) occur in workplaces (occupational exposure) [9] , it can also occur in public areas, for the fact that it is present in the indoor and outdoor [10] . NAD-dependent aldehyde dehydrogenase and glutathione-dependent FA dehydrogenase are two major enzymes involved in the metabolism of FA, localized mostly in the liver [11] . After being metabolized, it leaves the body as formic acid and CO 2 +H 2 O through the urinary system and respiratory system, respectively [12] . Studies have shown that FA initiates oxidative stress by causing oxidant/ antioxidant imbalance [13] . Under physiological conditions, there is a certain amount of reactive oxygen species (ROSs) production, as normal metabolism byproducts but in the case of pathology, the excess amount of ROSs production would adversely affect whole cell's functions, which may lead to cell death. Since liver malfunction in most cases is caused by toxicity during the process of clearing blood from reactive chemical agents, the use of natural antioxidants with the ability to neutralize these agents or enhance liver cells' strength through involving in a variety of pathways, is of utmost importance. Herbal medicine is cheaper, more available, and have shown fewer side effects than chemical drugs, and for that, they are now of great interest to researchers.
Cinnamon is the inner bark of the plant Cinnamomum zeylanicum, with many approved therapeutic properties. It has antioxidant and anti-inflammatory activities, makes it able to controlling glucose tolerance and lowering blood sugar in diabetic patients [14] . Cinnamon showed antiproliferative activity against tumor cells [15] . Being able to decrease blood pressure and blood cholesterol, cinnamon can positively affect heart and circulation system [16] and studies showed that it has also hepatoprotective effects [17] . The essential oil of cinnamon bark is composed of about 50% cinnamaldehyde. Cinnamaldehyde is an unsaturated aldehyde naturally synthesized in the shikimate pathway. It has been shown that cinnamaldehyde in cinnamon is responsible for most of the inflammatory activity of this plant [18] .
According to numerous papers highlighting the antiinflammatory and antioxidant activity of cinnamon, the present study was conducted to investigate the potential effect of cinnamon essential oil (CEO) on FA-induced liver damage in male adult rats.
Materials and Methods

CEO extraction
Dried bark of Cinnamomum zeylanicum was purchased from a local store. After authentication by the Department of Pharmacognosy (School of Pharmacy, Guilan University of Medical Sciences) with the herbarium number of GUMS-C17, it was grounded into powder. A quantity of 100 g of the powder was combined with 300 ml of distilled water and essential oil was extracted by hydrodistillation in a Clevenger type apparatus for 4 hours, according to the European Pharmacopoeia (1975) [19] . The yellowish essential oil was dried using anhydrous sodium sulfate then kept at 4°C until needed.
Experimental design
In this original study, 42 male Wistar rats (6-8 weeks, 200-250 g) were purchased from the Pasteur Institute of Iran. Animals were acclimatized for 2 weeks in a temperaturecontrolled room (23-25°C) with 12 hours light/dark cycling, having free access to food and water during acclimatization and throughout the experiment. They were then randomly divided into six groups: control group (C group) no intervention (n=8), formaldehyde group (FA group) received FA at the dose of 10 mg/kg intraperitoneally for 30 days (n=8), three experimental groups (n=8 in each group) which received doses of 10 (CEO 10 ), 20 (CEO 20 ) and 100 (CEO 100 ) mg/ kg cinnamon essential oil [20, 21] by syringe feeding [22] an hour after FA treatment, and a vehicle group (V group) which received the solvent of cinnamon essential oil (10% dimethyl sulfoxide/10% sucrose) by syringe feeding (n=8) after FA treatment. Afterward, animals were sacrificed by cervical dislocation under deep anesthesia with ketamine (87 mg/kg) and xylazine (13 mg/kg) [23] . Blood samples were collected by cardiac puncture and then centrifuged at 10,000 rpm for 20 minutes and serums were collected and stored at -80°C for analysis of liver enzymes. Liver tissues were carefully dissected and weighed. Samples needed for histological studies were fixed in 10% neutral buffered formalin and after undergoing tissue processing, were blocked in paraffin (Bio-Optica, Milan, Italy). Later, 4-μm-thick sections were obtained via the aid of a microtome (Microtec, Walldorf, Germany) for histological evaluations. Liver samples needed for analysis of antioxidant enzymes were also stored in liquid nitrogen.
www.acbjournal.org https://doi.org/10.5115/acb. 18.180 Body and liver weights' assessments Body weights were recorded weekly for calculation of required doses of FA and CEO, and one last time before sacrificing animals. Then, the first and last week's data were used to calculate the weight changes (∆Weight) in experimental groups. Liver weights were also recorded after sacrificing animals.
Liver index calculation
Liver indices were calculated by dividing liver weights (g) by body weights (g) and multiplying the results by 100.
Biochemical analyses of serum samples
Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were measured using commercially available photometry kits according to manufacturer's instructions (Pars Azmun Co., Karaj, Iran). ALT and AST levels have been measured and absorbance was read at 340 nm, data are represented as unit per liter (U/l). ALP levels were measured and absorbance was read at 405 nm, data are represented as U/l.
Biochemical analyses of oxidative stress biomarkers in liver
Samples preparations Briefly, frozen liver samples were homogenized in 100 mM/l Tris-HCl, pH 7.4 at 4°C. After centrifuging at 12,000 rpm for 15 minutes, the supernatants were collected and stored at -80°C until needed for enzymatic measurements.
Superoxide dismutase determination Levels of superoxide dismutase (SOD) were measured according to Kakkar et al. [24] and by inhibition of nitroblue tetrazolium formation, which optical density was read at 520 nm. Each of the SOD units was defined as the enzyme amount required for decreasing the production rate of chromogen by 50%. Data are represented as unit per milligram protein (U/mg protein).
Malondialdehyde (MDA) determination
Levels of MDA were measured as described by Wasowicz et al. [25] in which amounts of MDA reacting with thiobarbituric acid were read at 532 nm. Data are represented as nanomole per milligram protein (nM/mg protein).
Glutathione peroxidase determination Levels of glutathione peroxidase (GPx) were estimated as described by Paglia and Valentine [26] in which the enzyme activity was read at 340 nm while oxidizing NADPH into NADP + in reaction environment. Data are represented as U/ mg protein.
Catalase determination
Levels of catalase (CAT) were determined according to Sinha [27] by measuring the amount of hydrogen peroxide (H 2 O 2 ) reacting with dichromate-acetic acid at 590 nm. Data are represented as the rate of micromole H 2 O 2 consumption per milligram protein (μM/mg protein).
NO determination
Levels of total nitrate (NO 3 -)/nitrite (NO 2 -) were estimated according to Peralta et al. [28] , which used the method earlier explained by Hortelano et al. [29] with a minor modification and via the aid of nitrate/nitrite commercial colorimetric assay kit (Cayman Chemical Co., Ann Arbor, MI, USA). Amounts of nitrite were read at 540 nm in the presence of Griess reagent after nitrates were reduced to nitrites by nitrate reductase enzyme while incubated with NADPH. Data are represented as nM/mg protein.
Histological evaluations
Sections of 4 μm from tissue specimens in each group were cleared in three changes of xylene and rehydrated through 100%, 96%, 90%, and 70% ethanol. To evaluate morphological alterations (hepatocytes' hyper-eosinophilia and swelling, inflammation, and necrosis), sections were stained with hematoxylin and eosin and scored according to French et al. [30] . Scores used to evaluate the liver pathology was as follows.
-Score 0: no visible cell damage -Score 1: focal hepatocyte damage on less than 25% of tissue -Score 2: focal hepatocyte damage on 25-50% of tissue -Score 3: extensive but focal hepatocyte lesions -Score 4: global hepatocyte necrosis Masson's trichrome was another staining method used to evaluate portal area and central veins' fibrosis. Three sections of each animal were stained as described and five microscopic fields were randomly examined microscopically. All histological evaluations were performed under Olympus light microscopy (Olympus, Tokyo, Japan). 
Statistical analyses
Quantitative data were reported as mean±SD. Multiple comparisons were performed using one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test and the difference was considered significant when the P-value was <0.05. Data analyses were performed using GraphPad PRISM version 6.0e (GraphPad Software Inc., San Diego, CA, USA).
Ethical considerations
All experiments were performed in accordance with the guidelines for experimental ethics and laboratory animal handling of Guilan University of Medical Sciences parallel to the National Institutes of Health's guide for the care and use of laboratory animals [31] .
Results
Body and liver weights assessments
∆Weights were calculated using the first and the last recorded weights. FA treatment significantly inhibited weight gain (P<0.001) ( Table 1 ). Administration of CEO at the dose of 100 mg/kg reversed this adverse effect of FA (P<0.001). FA also caused a significant increase in liver weight (P<0.001), which have been ameliorated by 100 mg/kg CEO administra- 0  3  3  3  2  2  Inflammation  0  4  4  3  3  1  Necrosis  0  4  4  4  2  1  Total scores  0  11  11  10 
Liver index calculation
Liver indices were calculated using liver weights (g) and body weights (g) ( Table 1 ). FA group have shown a significant increase in the liver weights (P<0.001). CEO at the dose of 20 and 100 mg/kg (P=0.0479 and P<0.001, respectively) could reverse the FA-induced hepatomegaly.
Biochemical analyses of serum samples
Serum ALT (Fig. 1A) , AST (Fig. 1B) , and ALP (Fig. 1C ) levels significantly increased in response to FA treatment (P<0.001). CEO at the dose of 100 mg/kg ameliorated the effect of FA on all three liver enzymes (P<0.001). It also reduced the elevated AST (P<0.001) and ALT (P=0.0143) when administered at the dose of 20 mg/kg.
Biochemical analyses of oxidative stress biomarkers in liver
FA treatment caused a significant decrease in the levels of SOD (P<0.001) ( Fig. 2A) , GPx (P=0.001) (Fig. 2B) , and CAT (P<0.001) ( Fig. 2D ) in the liver. Administration of CEO at the dose of 100 mg/kg inhibited the increment of SOD (P<0.001) and GPx (P=0.034) and all three doses of 10 (P=0.025), 20, and 100 mg/kg (P<0.001 for both) CEO abolished the change made by FA in level of CAT in the liver. MDA (Fig. 2B) and NO ( Fig. 2E) activities were found to be significantly higher in the FA group (P=0.019 and P<0.001, respectively). CEO at the dose 100 mg/kg decreased the elevation of NO levels (P<0.001). Two lower doses of 10 and 20 mg/kg caused a significant decrease in levels of MDA in liver (P=0.005 and P=0.029, respectively).
Histological evaluations
Results of histological alterations are summarized in Table  1 . FA treatment clearly elevated the hepatocytes with swelling and hyper-eosinophilic cytoplasm, inflammation, and necrotic areas (Fig. 3B, D) . CEO, when administered at the dose of 100 mg/kg, prominently lowered the damaged hepatocytes with swelled and hyper-eosinophil phenotype and inhibited necrosis (Fig. 4A, C) . It also successfully limited the parenchymal infiltration of inflammatory cells, so that in most of the sections, there were only small populations of inflammatory cells around portal areas and/or central veins and focal parenchymal inflammation, if present, were plainly small in size (Fig. 4A, C) . Portal area and central vein fibrosis were occurred in response to FA treatment and administration of CEO at the dose of 100 mg/kg prominently decreased the fibrous tissue in both areas (Figs. 4B, D, 5 ).
Discussion
The liver is the main organ involved in the detoxification process of drugs and chemicals as FA. It has been shown that the histology and biochemistry of the liver can be affected by FA exposure. The liver weights were found to be significantly increased in FA-treated rats (10 mg/kg for four weeks), regardless of their general weight loss (Table 1) . This leads to a significant increase in the liver index in the FA group when compared with the control group (Table 1) . Administration of CEO in all three doses of 10, 20, and 100 mg/kg helped animals with weight gain and decreased the weight of the liver. However, only in the group administered with 100 mg/kg of CEO changes were significant. Studies have shown that FA inhibits energy production by causing damage to the mitochondria [32] . That might be a good explanation for the FAinduced growth inhibition we observed in the present study. In a similar research done by Eidi et al. [17] , the beneficial effect of cinnamon alcoholic extract against carbon tetrachloride (CCl4) toxicity was assessed and results showed that co-treatment of cinnamon alcoholic extract at doses of 0.01, 0.05, and 0.1 g/kg significantly increased the body weight and decreased the liver weights, and by that mean, improved the liver index.
A series of histological changes would also take place in response to FA-induced ROS elevation, including the increase in the number of hyper-eosinophilic and swelled hepatocytes, parenchymal inflammation and necrosis, alongside with disturbed cellular architecture of the portal area [33] . Our results suggested that FA treatment caused significant damage to the liver. The increment in hyper-eosinophilic and swelled hepatocyte was clearly visible in tissue samples from the FA group and infiltration of inflammatory cells caused distributed focal inflammation. Necrotic areas were also seen in almost all microscopic fields (Fig. 3C, D) . Excess fibrous tissue formation in portal areas and around central veins was another sign confirming the toxic effects of FA on the liver tissue ( Fig. 5B,  D) . Administration of 100 mg/kg CEO effectively prevented FA-induced changes in the cellular architecture of the liver. Tissue sections from group CEO100 have shown to have clearly less hyper-eosinophilic hepatocytes with swelling. Focal parenchymal inflammation was eliminated and there were no massive amounts of fibrous tissue in the portal area and around portal veins (Fig. 4B, D) . In accordance with our results, a survey conducted by Eidi et al. [17] showed that cinnamon alcoholic extract effectively reduced the toxic effects of CCl4 on liver histology.
It is reported that FA causes DNA-protein crosslinks [34] . The mechanism of action of FA is thought to be the enhancement of ROS production [35] , resulting in damage to important molecules in the tissue, including proteins, nucleic acids, and membrane lipids. Membrane lipids are easily harmed by ROS leading to lipid peroxidation, in which the disruption of membranes in cell and its organelles may occur, and the damaged cell would be subjected to cell lysis. As a result of cell lysis, a significant increase in serum levels of liver enzymes will occur. Therefore, these enzymes can be used as an indicator for functional evaluation of the liver. Our results suggested that serum amounts of ALT, AST, and ALP in the FA group is significantly higher compared to the control group ( Fig. 1A-C) . With a careful look at histological evaluations, it seems reasonable. In the group CEO100, the total recovery in liver enzymes' activity was seen. There are other studies supporting these results and the idea that herbal bioactive compounds might improve the enzymatic function of the liver [36] .
Previous studies have shown that FA initiates oxidative stress in liver [13] . MDA is one of the products of lipid oxidation that has shown to be affected in FA toxicity [12] . We observed a significant increase in tissue amounts of MDA in the FA group. CEO administration lowered the activity of MDA when administered at low doses (Fig. 2B) . Interestingly, our results showed that with increment in the dose of CEO, levels of MDA in tissue would also increase in a dose-dependent manner. So, the results from the group received 100 mg/kg CEO found to be not significantly different when compared to the FA group. This may suggest that there might be a relationship between CEO and lipid peroxidation and/or there may be an unwanted substance in the essential oil of cinnamon that needs to be omitted in order to gain better results.
NO production and release appeared to be enhanced in the presence of free radicals. Studies showed that Kupffer cells and hepatocytes release NO in response to macrophagereleased free radicals during liver injuries and hepatocellular necrosis [37] . NO is synthesized by inducible nitric oxide synthesized [38] enzyme in the liver. We observed that 100 mg/kg CEO administration significantly reduced the tissue amounts of NO, which was elevated in response to FA treatment ( Fig.  2E ). This may due to cinnamon antioxidant activity.
In the present study, activities of SOD, GPx, and CAT were found to be significantly higher than the control group ( Fig.  2A, C, D) . SOD is one of the antioxidant enzymes which actively scavenge superoxide anions; its mechanism of action is to join every two free radicals and make oxygen and hydrogen peroxide [39] . CAT continues this process by breaking H 2 O 2 to CO 2 and H 2 O [39] . GPx is another oxidative damage indicator. It serves to join two glutathione molecules in the presence of ROS [40] . CEO administration at the dose of 100 mg/ kg improved the activity of SOD and GPx. It also lowered the activity of CAT at all three doses (Fig. 2) . In agreement with our study, Gerin et al. [39] reported that the disturbed balance of liver CAT, MDA, GPx, and SOD significantly improved following treatment with Ferulic acid. Another study confirming the important role of antioxidants against FA-induced hepatotoxicity have done by Bakar et al. [41] , in which they showed that vitamin E and proanthocyanidins may have beneficial effects against FA-induced hepatotoxicity.
In conclusion, our study indicated that cinnamon essential oil might prevent oxidative damage caused by FA in liver tissue through rebalancing antioxidant enzymes which by the way eliminates cellular damage and therefore the enzymatic function of this organ.
